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EXECUTIVE SUMMARY 
 
Background 
The recycling of wastewater is gaining acceptance among regulatory agencies and industry 
as an important part of the water cycle. Recycled water can be used for a wide range of 
non-potable applications with appropriate safeguards. Recycled water needs to be treated 
prior to reuse with the degree of treatment required depending on the intended use, the 
degree of potential human or animal contact and the original source of water. Treatment is 
undertaken to remove contaminants that could cause an increased health risk or 
environmental impact. The level of treatment required depends on the level of risk from 
the potential presence of chemical or microbial contaminants and needs to be optimised for 
the intended use (fit for purpose). 
 
Project 
The research project was confined to a comprehensive review of published research, 
focusing specifically on reuse and recycling of industrial sewage effluent from large-scale 
treatment facilities for non-potable uses in civil construction activities. The main focus of 
the research project involved four main objectives: 
1. Investigate possible end-uses of recycled industrial wastewater from Gibson Island; 
2. Determine practicability of these possible uses based on risk assessment criteria; 
3. Investigate what level of treatment in terms of chemistry and pathogens is needed for a 
particular purpose; and 
4. Identify a number of case studies locally or internationally relating to the use of 
recycled water in situations such as at Brisbane Airport. 
 
Outcomes 
The summary of outcomes from the comprehensive literature review undertaken includes: 
1. The identification of hazards and assessment of risks in recycled industrial water;  
2. General guidance on the level of treatment required for a particular end use; and 
3. A review of critical monitoring parameters in evaluating the recycled water end use. 
4. Recommendations for risk mitigation and good practice. 
5. Recommendations for further investigations if any. 
 
The key findings and recommendations from the research project are discussed below. 
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SUMMARY OF KEY FINDINGS 
The key findings from the research project are as follows: 
 
The long history of water recycling experience in the United States and around the world 
provides reassurance that inherent risks can be safely managed through appropriate 
technology and risk management decisions without compromising public health and 
environmental health.  
 
Apart from direct potable reuse, the principal water reuse application throughout the world 
remains agricultural and landscape irrigation, but with the rapid development of more 
reliable and cost effective membrane technology, along with improved risk assessment 
processes there is likely to be an increase in recycled water applications throughout 
industry.  
 
Even though very little published literature exists on using recycled water in construction 
activities an acceptance within environmental management, engineering and health areas 
that risk management can ensure relevant values are protected by identification and 
management of risks will lead to more widespread practice of these end uses.  
 
The appropriate quality of water used for recycling will depend on the proposed end use, 
site characteristics and risk factors. However, it is important to note that the actual water 
quality used in any particular application will depend on the outcome of the risk 
assessment done as part of the Recycled Water Management Plan by ensuring controls are 
in place that reduces the risk posed to an acceptable level.   
 
A number of factors point towards the successful use of recycled water for industrial and 
other uses with relatively low human contact; 
• The high cost of reticulation makes the sale of water to large users located around 
nodes of development the most cost effective, especially when compared to small 
users (such as dual reticulation households).  
• Industrial users can implement end use controls easily by the use of existing 
workplace health and safety systems. The level of contact with personnel may be 
more easily achieved than in other applications. 
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RECOMMENDATIONS 
 
Based on the outcomes of the research project, the following recommendations are made:  
 
1. Determine quality and quantity of recycled water that can be supplied to BAC by 
Gibson Island WWTP. Evaluate consistency of supply and storage capacities. All 
inputs into the system should be documented along with the quality of recycled water, 
including biological, chemical and physical properties that may have an impact on 
health, environmental values or end uses (Chapter 2); 
2. Determine recycled water intended uses and develop RWMP in conjunction with 
Brisbane Water and identify control measures to be applied. Outline methods used to 
assess the systems ability to ensure safe use of recycled water. Identify the points in the 
system where recycled water could become exposed to human contact or the 
environment. Use end use control measures by ensuring the level of exposure of 
humans and sensitive environmental receptors to recycled water is kept to the 
appropriate level (Chapter 4); 
3. Develop a Recycled Water Flow Diagram to outline the critical steps in production, 
supply and transportation of recycled water. Evaluate the reticulation network that is to 
be used to deliver the recycled water and the location where the recycled water is to be 
used (Appendix A); 
4. Develop information packages and training programs for employees to build credibility 
between management and stakeholders (Section 4.3.1). 
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CHAPTER 1.0 
INTRODUCTION 
1.1 Overview 
The recycling of wastewater is gaining acceptance among regulatory agencies and 
industry as an important part of the water cycle. Recycled water can be used for a wide 
range of applications, most commonly for non-potable purposes (Toze, 2006). Recycled 
water needs to be treated prior to use with the degree of treatment required depending on 
the intended use, the degree of potential human or animal contact and the original source 
of water. Treatment is undertaken to remove contaminants that could cause an increased 
health risk or environmental impact. The level of treatment required depends on the level 
of risk from the potential presence of chemical or microbial contaminants and needs to be 
optimised for the intended use (fit for purpose). It has been identified that the quality of 
recycled water required is very much industry specific and can range from secondary 
effluent for ‘low-end’ uses to high quality recycled water for ‘high-end’ uses 
(Queensland Water Recycling Guidelines, 2005). It can range from filtered and 
disinfected secondary effluent for uses such as mineral slurry transport and dust 
suppression to almost distilled water (or ultra-pure water) required in the electronics 
industry. 
 
While most Australian states currently have guidelines relating to reuse of sewage 
effluent for irrigation purposes (based largely on national guidelines set by ANZECC, 
ARMCANZ and NHMRC) there are many gaps and some inconsistencies in their 
approach for other uses and water types. It is difficult to provide generic guidance for 
reuse of industrial wastewater as the contaminants found will be highly variable, as will 
the uses to which the treated water could be put. While the risk management approach 
advocated in guidelines can be readily applied to water recycling in an industrial context, 
industries wishing to treat and recycle their effluent should obtain technical advice 
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specific to their particular wastewater and reuse options (Queensland Water Recycling 
Guidelines, 2005). 
 
It was the belief that in the late part of the twentieth century that it was more prudent for 
local authorities to produce bulk supplies of good quality secondary effluent that could be 
used for a range of low-end uses (dust suppression and power station cooling) and that 
those industries that required a higher quality water should install their own tertiary 
treatment facilities (Law, 2003). 
 
Worldwide, including Australia, there is now a definite trend towards the local authorities 
producing a high quality tertiary effluent at their WWTPs that is then on-sold to industry 
for a wide range of reuse applications (Law, 2003). Some examples of this trend in 
Australia – Hunter Water supplying reclaimed water to the Eraring Power Station, the 
Luggage Point WWTP supplying reclaimed water to the BP Refinery in Brisbane, the 
Wollongong WWTP supplying reclaimed water to BP, and a co-generation plant in Port 
Kembla and the Kwinana WWTP project in Perth. These projects all include membrane 
treatment of secondary effluents. With the rapid development of more reliable and cost 
effective membrane technology, there will be many more industrial applications for 
recycled water. 
 
1.2 Research Aims and Objectives 
The primary aims of the research conducted were: 
To carry out an extensive review of published research on the reuse and recycling of 
industrial sewage effluent from large-scale treatment facilities for non-potable uses 
including: 
• Soil compaction; 
• Pavement construction and concrete mixing; 
• Dust suppression; and 
• Irrigation of landscapes. 
The primary objectives were to: 
1. Investigate possible end-uses of recycled industrial wastewater from Gibson Island. 
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2. Determine practicability of these possible uses based on risk assessment criteria. 
3. Investigate what level of treatment in terms of chemistry and pathogens is needed for 
a particular purpose. 
4. Identify a number of case studies locally or internationally relating to the use of 
recycled water in situations such as at Brisbane Airport. 
 
1.3 Scope 
The main focus of this research project was to conduct an extensive review of published 
research on the reuse and recycling of industrial sewage effluent from large-scale 
treatment facilities for non-potable uses. Treatment systems and processes for production 
of recycled water are beyond the scope of this report as they are covered in detail in 
various other specialist publications. The outcomes of this research should be utilised to 
develop appropriate management strategies across various non-potable industrial uses of 
recycled water. 
 
1.4 Outline of Report 
The report discusses the results of an extensive literature review on the reuse and 
recycling of industrial sewage effluent from large-scale treatment facilities for non-
potable uses. Chapter 2 provides an overview of the issues involved in wastewater 
recycling. Additionally, a discussion on terminology used and the major recycled water 
classes is also provided along with current regulations and guidelines.  
 
Chapter 3 outlines the risk assessment and management strategies adopted in formulating 
recycled water use. This includes details of the hazard identification and assessment of 
risks in producing and using recycled water along with specific guidance on managing 
health and environmental risk. The development of Recycled Water Management Plans 
(RWMP) which are documented systems for management and use of recycled water are 
covered. Chapter 4 identifies the critical parameters that should be monitored to allow 
appropriate management strategies to be implemented for mitigating the potential 
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environmental and public health issues identified. Chapter 5 reviews several non-potable 
water recycling applications both overseas and in Australia, which describe and assess 
approaches to using treated municipal effluent for various end uses.  Finally, Chapter 6 
discusses the findings and recommendations derived from the literature review. 
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CHAPTER 2.0  
WASTEWATER RECYCLING 
2.1 Background 
Traditionally the management of wastewater focused on the protection of public health, 
especially reducing the risk that microbial agents in the wastewater posed. Wastewater 
was either disposed of after receiving treatment that reduced health threats to a 
reasonable level or where exposure to the public was minimal.  An increase in public 
concerns and the introduction of stricter environmental legislation in the past twenty-five 
years has led to the realisation that protection of environmental health is equally 
important along with public and institutional confidence, which can be fragile and once 
lost, can be difficult to regain (National Guidelines for Water Recycling, 2006). 
 
At the present time many parts of Australia are experiencing historically low rates of 
rainfall and an associated shortage of readily available water sources. Overcoming the 
present shortage and ensuring long term sustainability of water supply will involve 
coordinating several strategies, including the increased use of recycled water as a means 
to reduce potable water use. Several reports have suggested there is a need to use water 
more efficiently by reusing wastewater (SECITA, 2002, Rathjen et al, 2003, AATSE, 
2004). 
 
At present the amount of wastewater that is recycled is approximately eleven percent in 
South East Queensland (AATSE, 2004). However a number of factors have aligned with 
the present water shortage to make the use of recycled water a more viable option. These 
include; 
• Advances in technology in wastewater treatment processes, membrane filtration and 
other purification methods have reached a point where recycled water quality can be 
assured; 
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• An acceptance in environmental management, engineering and health areas that risk 
management can ensure relevant values are protected by identification and 
management of risks; 
• The possibility of the use of recycled water being mandated by legislation as a 
method to reduce potable water use. This increases incentives for reuse, especially 
for industrial users; and  
• An increased awareness of water shortages that makes water recycling more 
acceptable in large sections of the community. In general community acceptance of 
recycled water increases as human contact decreases (Po et al, 2003).  
 
However there are also barriers to the use of recycled water. These include; 
• Recycled water does pose a risk to public health and the environment if used 
inappropriately. Protection involves building in layers of safeguards, which makes 
the use of recycled water inherently more complex than the use of potable water;  
• The use of recycled water also requires the construction of a reticulation system or 
similar method of supply separate to that used for potable water, leading to 
significant cost. This economic burden may be overcome by identifying suitable 
users for recycled water that can manage the volumes produced; 
• The cost of production of recycled water is typically much higher than that of 
potable water sourced from traditional sources such as fresh water sources. It is also 
typically of lower quality, unless it undergoes an expensive treatment process. This 
makes the competitive pricing of recycled water difficult, as a market may not 
choose to pay a higher price for a lower quality product. The pricing regime for 
recycled water is still under review by Local and State Government. However it may 
be the case that the cost of recycled water will be similar to that of potable water, 
and the extra price of production and distribution is spread across all water users; 
and  
• Some sections of society that find recycled water inappropriate for a number of 
reasons. These include perceived health concerns and the ‘yuck factor’ (Marks, 
2003). These are legitimate concerns and must be addressed to facilitate community 
acceptance.  
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In the past these obstacles were sufficient to prevent widespread use of recycled water, 
especially in relation to cost. The realisation that cheap sources of water are no longer 
adequate to supply demand has made the higher cost of recycled water more acceptable 
to water planners. This cost will in future need to be built into business models for water 
suppliers.  
 
In Queensland the water quality of municipal effluent is predominantly secondary treated 
effluent standard. For industrial water, water quality and quantity vary significantly from 
industry to industry and process to process, but the level of recycling is very low. The 
Industry Water Recycling Background Study (1999) in Queensland identified the 
following recycling types: 
• Industrial use of treated municipal effluent, 
• Industrial use of internally generated effluent, 
• Use of treated municipal and industrial reclaimed water in cooling water systems, 
• Use of treated municipal and industrial reclaimed water in boiler feed systems, 
• Industrial use of externally generated industrial effluent. 
 
2.2 Terminology 
The terms, recycled or reclaimed water are interchangeable and is defined as water that 
originated as municipal wastewater and has undergone a high level of treatment at a 
water treatment facility so that it can beneficially reused for a variety of purposes. The 
degree of treatment for recycled water depends on the water quality needed for the 
specific use and for public health protection and potential for adverse environmental 
impacts. 
 
Water reuse is defined as the planned use of recycled water for a specific beneficial 
purpose. 
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2.3 Recycled Water Classes  
Ensuring that recycled water is fit for the purpose for which the customer intends to use it 
is an important supplier responsibility, with implications for treatment, storage and 
distribution. The appropriate quality of recycled water required will depend on the 
customer’s particular end use, site characteristics and risk factors. The supplier of 
recycled water and potential customers should, at an early stage in the development of the 
water recycling scheme, discuss the proposed use/s of the recycled water and agree on 
what the actual end use will be. It is a joint decision as to whether the recycled water is 
suitable for the customer’s desired purpose, and this decision should be based on the best 
available information. 
 
The Queensland Water Recycling Guidelines (2005) specify four (4) classes of recycled 
water shown in Table 2.1, based on microbiological characteristics and other physical 
properties. The use of categories of recycled water has advantages in providing a more 
easily recognisable system for consumers and producers of recycled water.  
Table 2.1 Recommended water quality specification for Class A-D recycled water. 
(Queensland Water Recycling Guidelines, 2005) 
Class  E. coli (median) 
cfu/100mL 
BOD5 mg/L 
median 
Turbidity 
NTU 
95% ile 
(max.) 
SS, mg/L 
median 
TDS, mg/L or  
EC, µS/cm 
medians 
TDS / EC 
pH 
A < 10  20 2 (5) 5 1000/1600 6-8.5 
B < 100 20 — 30 1000/1600 6-8.5 
C < 1000  20 — 30 1000/1600 6-8.5 
D < 10,000  — — — 1000/1600 6-8.5 
 
This is supplemented by a quantitative health risk assessment for class A+, thus five 
classes of recycled water exist as shown in Table 2.2 (Manual for Recycled Water 
Agreements in Queensland, 2005b). These classes provide an indication of the level of 
the treatment processes used and the human health risks associated with its use. 
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Table 2.2 Description of the five classes of recycled water. (Manual for Recycled Water 
Agreements in Queensland, 2005) 
Class of Recycled 
Water  
Description  
Class A+ No pathogens should be detectable. Safe for many uses other than those involving 
human consumption. 
Class A  Very low levels of microbiological indicators. Safe for most end uses, including 
those that could involve occasional human contact. 
Class B and Class C Only to be used with appropriate control measures in place.  
Class D recycled water  Has the lowest microbiological quality with very limited number of recommended 
uses. 
 
Alternatively, the recently released National Guidelines for Water Recycling (2006) do 
not specify classes of water quality but allow a ‘fit for purpose’ approach to be used 
based on the contaminant levels present in the recycled water.  
 
2.4 Determining End Uses 
Controlling pathogens (viruses, bacteria and protozoa) and trace levels of chemicals in 
recycled water are the requirements for nearly all water recycling projects throughout the 
world. These criteria are applicable to both non-potable reuse and indirect potable reuse. 
The level of treatment required depends on the intended end use of the recycled water. 
 
In developing a water quality specification to ensure relevance to the customer’s intended 
end use, descriptions such as “secondary disinfected effluent” do not always provide 
sufficient indication of fitness for purpose or potential health or environmental risks of 
recycled water. The water quality characteristics that should be evaluated include: 
• potential human or animal health risks; 
• potential environmental impacts on and off-site; 
• the long –term sustainability of use at the customer’s site; and 
• the life or effectiveness of the customer’s recycled water infrastructure 
(Manual for Recycled Water Agreements in Queensland, 2005) 
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A good starting point for a recycled water specification should be the microbiological 
class specified in the Queensland Water Recycling Guidelines (2005) (Table 2.2 above). 
Table 2.3 provides a list of other water quality characteristics that can be important in 
determining the suitability for particular end uses of recycled water. This list is intended 
to provide a starting point for discussions between suppliers and customers concerning 
the recycled water quality and, where necessary, be a guide for further testing of the 
recycled water. 
Table 2.3 Characteristics of recycled water from sewage treatment plants relevant to 
sustainable use of recycled water. (Recycled Water Agreements in Queensland, 2005) 
Recycled water use or system 
configuration 
Recycled water quality 
characteristics  
Potential environmental, 
operational or productivity 
impacts 
Irrigation of crops/grasses (all types) Total Dissolved Salts (TDS)1 or 
Electrical Conductivity (EC) 
Sodium Adsorption Ratio (SAR)2 
Boron 
Chloride 
pH, water hardness 
Nutrients 
Nitrate (N0
3
-) 
Soil structure and soil fertility 
Salinisation of soil and groundwater 
Damage to plant growth 
Damage to foliage 
Corrosion/fouling of pipes & fittings 
Bioclogging of irrigation equipment 
Eutrophication from nutrient enriched 
runoff to waterways 
Leaching through soils and contamination 
of groundwater 
Long distribution system and/or retention times Biochemical oxygen demand 
(BOD) or suspended 
solids/turbidity 
Odour problems, biofilm (slime) growth in 
pipes and storage tanks 
Recycled water stored in lagoons Nutrients Algal blooms in storages 
Significant trade waste inputs Heavy metals 
Pesticides and stable organic 
compounds 
Acute toxicity to some plants 
Accumulation of toxicants in the food 
chain 
Pasture irrigation, cattle shed washdown Helminths Tapeworm infection in livestock 
Environmental purposes (for example wetlands)3  Nutrients 
BOD 
Temperature, Chlorine, Ammonia 
Algal growth 
Oxygen depletion in receiving waters, 
leading to death of aquatic organisms 
Harmful to fish and other organisms 
Recreational purposes – ornamental water bodies 
and passive recreation (no swimming or boating) 
Aesthetics  
Nutrients  
Clarity, colour, oil and grease, debris 
Algal growth & blooms affecting aesthetic 
qualities and biological health 
1 TDS is a measure of the inorganic and dissolved salts such as sodium, calcium, magnesium, iron, chloride, sulphates, bicarbonate, 
nitrates and phosphates. 
2 SAR is the ratio of sodium ions (Na+) relative to calcium (Ca2+) and magnesium ions (Mg2+) in the soil solution. SAR indicates the 
potential for sodium to accumulate in the soil. 
3 Recycled water characteristics important for environmental and recreational purposes are highly site specific depending on the 
receiving water quality (environmental values). 
 
The classes of recycled water described in Table 2.2 are focused on human health risk. 
They do not necessarily reflect suitability for uses where human health is not the 
principal consideration, e.g. agricultural irrigation of non-food crops. In these 
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circumstances other water quality criteria, such as salinity or sodicity, are likely to be 
more important. However, the relevant criteria for factors such as salinity will vary 
depending on the existing soil type and soil salinity, hydraulic loading rate applied, crop 
susceptibility and other factors. Therefore, in order to demonstrate sustainability, the user 
will have to undertake an appropriate site assessment to ascertain the safe levels of these 
environmental water quality parameters. The best reference for assessing salinity 
management for irrigation purposes is the Department of Natural Resources’ Salinity 
Management Handbook (DNR 1997).  
 
Where the recycled water is used within an open system, for example for dust 
suppression on construction sites where workers or passing cars may be subject to 
intermittent spray drift, Class A recycled water, or better, should be used. For industrial 
uses of recycled water within closed systems, for example for industrial cooling or boiler 
feed, Class C recycled water could be used, subject to the need for additional treatment to 
prevent fouling, scaling, corrosion, foaming or biological growth within recycled water 
pipes. Where recycled water is used for above ground irrigation of landscaping where 
there is no public access, Class C recycled water may be used (Queensland Water 
Recycling Guidelines, 2005). 
 
Table 2.4 summarises the recommended recycled water class and monitoring regime for 
the range of recycled water uses covered by the Queensland Water Recycling Guidelines 
(2005). These suggestions may be taken into account in developing a Recycled Water 
Management Plan that will identify all critical control points and associated trigger values 
that specifically relate to the particular recycled water sources and uses actually 
undertaken.  
 
 
 
 
Table 2.4 Recycled Water uses, recommended class and recommended monitoring 
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(Queensland Water Recycling Guidelines, 2005) 
Use of Class A+ recycled water for fire fighting represents a negligible health risk for fire 
fighters (WSAA 2004). This is because the high level of treatment of Class A+ recycled 
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water removes pathogens to such an extent that the likelihood of any health impact on 
fire fighters, given their frequent exposure, would be negligible. Also, although there can 
be trace chemical residues in Class A+ recycled water (unpublished EPA data), the levels 
are so low that occasional exposure from fire fighting would not be expected to present a 
health hazard to fire fighters. 
 
The quality of recycled water influences whether end use at their particular site will be 
sustainable. For example: 
• the quantities of salts or nutrients in recycled water used to irrigate a crop can 
affect soil structure and fertility in the long term; 
• certain characteristics of recycled water affect infrastructure such as irrigation 
lines and pumps, or valves and storage vessels in industrial premises; and 
• other characteristics may lead to deterioration of the recycled water if it is stored 
in outdoor lagoons or sits in transport pipelines for long periods. 
 
2.5 Recycled Water Regulations and Guidelines 
Regulations for water recycling primarily focus on health issues such as bacterial counts 
and disinfection requirements. In general the number of criteria for industrial recycling is 
far less than for irrigation, but is dependant on how regulated the end use is. California 
Health Law related to Recycled Water, Title 22 (2001) has become recognised 
throughout the world as the standard for recycled water to be used in a variety of types of 
irrigation and industrial uses. California Title 22 regulation imposes tertiary treatment 
including coagulation/flocculation, sedimentation, filtration and disinfection of secondary 
effluent to strive for a zero faecal count/100ml limit for uses where human exposure is 
not regulated (Bixio et al, 2006). Title 22, Article 3, Part b Uses of Recycled Water states 
“Recycled water used for the following uses should be at least disinfected secondary 
treated recycled water”: 
• Industrial boiler feed, 
• Non-structural fire fighting, 
• Soil compaction, 
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• Mixing concrete, 
• Dust control, and 
• Cleaning roads, sidewalks. 
 
Recycled treatment levels are defined under the California Code called the “Purple 
Book”. Table 2.5 shows the allowable uses for each of the levels of recycled water 
treatment used in California.  
 
Like Australia, most US states do not have regulations that cover all potential uses of 
reclaimed water. Only Arizona, California, Colorado, Florida, Hawaii, Nevada, New 
Jersey, Oregon, Texas, Utah, and Washington have extensive regulations or guidelines 
that prescribe requirements for a wide range of end uses of the reclaimed water. Other 
states have regulations or guidelines that focus upon land treatment of wastewater 
effluent, emphasizing additional treatment or effluent disposal rather than beneficial 
reuse, even though the effluent may be used for irrigation of agricultural sites, golf 
courses, or public access lands.  
USEPA Guidelines for Water Reuse, 2004 define water reuse applications into the 
following categories Urban, Industrial, Agricultural, Environmental and Recreational, 
Groundwater recharge and Augmentation of potable supplies. This can be further 
subdivided into the following reuse categories appropriate to this report’s objectives. 
Unrestricted urban reuse – irrigation of areas in which public access is not restricted, 
such as parks, playgrounds, school yards, residences, toilet flushing, air conditioning, fire 
protection, construction, ornamental fountains, and aesthetic impoundments.  
Restricted urban reuse – irrigation of areas in which public access can be controlled, 
such as golf courses, cemeteries, and highway medians.  
Industrial reuse – reclaimed water used in industrial facilities primarily for cooling 
system make-up water, boiler-feed water, process water, and general washdown. 
 
 
Table 2.5 Treatment Levels for Recycled Water Uses 
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Table 2.6 from USEPA Guidelines for Water Reuse, 2004 presents suggested wastewater 
treatment processes, reclaimed water quality, monitoring, and setback distances for 
various types of water reuse. Attention is drawn to Construction Use and Industrial 
Reuse. The USEPA and California documents form the basis for most Australian 
publications and guidelines. 
 
 
Table 2.6 Suggested Guidelines for Water Reuse (USEPA, 2004) 
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Footnotes  
1 These guidelines are based on water reclamation and reuse practices in the U.S., and they are especially directed at states that 
have not developed their own regulations or guidelines. While the guidelines should be useful in many areas outside the U.S., 
local conditions may limit the applicability of the guidelines in some countries.  
2 Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge from the treatment 
facility.  
3 Setback distances are recommended to protect potable water supply sources from contamination and to protect humans from 
unreasonable health risks due to exposure to reclaimed water.  
4 Secondary treatment processes include activated sludge processes, trickling filters, rotating biological contractors, and may 
include stabilization pond systems. Secondary treatment should produce effluent in which both the BOD and TSS do not exceed 
30 mg/l.  
5 Filtration means the passing of wastewater through natural undisturbed soils or filter media such as sand and/or anthracite, filter 
cloth, or the passing of wastewater through microfilters or other membrane processes.  
6 Disinfection means the destruction, inactivation, or removal of pathogenic microorganisms by chemical, physical, or biological 
means. Disinfection may be accomplished by chlorination, UV radiation, ozonation, other chemical disinfectants, membrane 
processes, or other processes. The use of chlorine as defining the level of disinfection does not preclude the use of other 
disinfection processes as an acceptable means of providing disinfection for reclaimed water.  
7 As determined from the 5-day BOD test. 
8 The recommended turbidity limit should be met prior to disinfection. The average turbidity should be based on a 24-hour time 
period. The turbidity should not exceed 5 NTU at any time. If TSS is used in lieu of turbidity, the TSS should not exceed 5 mg/l.  
9. Unless otherwise noted, recommended coliform limits are median values determined from the bacteriological results of the last 7 
days for which analyses have been completed. Either the membrane filter or fermentation tube technique may be used.  
10 The number of faecal coliform organisms should not exceed 14/100 ml in any sample. 
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11 Total chlorine residual should be met after a minimum contact time of 30 minutes. 
12 It is advisable to fully characterize the microbiological quality of the reclaimed water prior to implementation of a reuse 
program. 
13 The number of faecal coliform organisms should not exceed 800/100 ml in any sample. 
14 Some stabilization pond systems may be able to meet this coliform limit without disinfection. 
15 Commercially processed food crops are those that, prior to sale to the public or others, have undergone chemical or physical 
processing sufficient to destroy pathogens. 
16 Advanced wastewater treatment processes include chemical clarification, carbon adsorption, reverse osmosis and other 
membrane processes, air stripping, ultrafiltration, and ion exchange. 
17 Monitoring should include inorganic and organic compounds or classes of compounds, that are known or suspected to be toxic, 
carcinogenic, teratogenic, or mutagenic and are not included in the drinking water standards.  
 
Most Australian state and territory governments have developed their own guidelines, a 
situation that has led to some inconsistencies (in part due to limitations of the national 
water reuse guidelines) and a lack of uniformity for recycling. Examples of Australian 
Guidelines which include similar specified applications include the Victorian EPA 
Guideline for use of Reclaimed Water (2003), South Australian Reclaimed Water 
Guidelines (1999), Environmental Guidelines for the Use of Recycled Water in Tasmania 
(2002) and Queensland Water Recycling Guidelines (2005). However, in some instances, 
the state guidelines advocates “higher order” practices to better reflect their 
environmental and/or regulatory requirements. 
 
Technical Note 53 (Queensland Department of Main Roads, 2005) and the Draft Non-
Potable Water Management Plan for Civil Construction Activities (EPA, 2006) are two 
locally produced guidelines that deal specifically with using recycled water in road 
construction and maintenance. It is interesting to note that the principal engineer 
(Concrete) in Department of Main Roads recommends that recycled water not be used in 
the production of concrete products whereas in California use of recycled water in 
concrete production is encouraged (Carse, 2005). 
 
Technical Note 53 makes the recommendation to use Class A or B recycled water as a 
feasible alternative to potable water for use in activities such as dust suppression, 
pavement and embankment construction, landscaping and vegetation in conjunction with 
the following control measures. 
• Use of personal protective equipment 
• Staff training 
• Appropriate application method 
• Buffer zones. 
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CHAPTER 3.0  
RISK EVALUATION 
3.1 Background 
When recycling water, it is essential to protect both public and environmental health and 
a risk management approach is the best way to achieve this. This type of approach has 
been used in the food industry for many years, through application of the (HACCP) 
Hazard Analysis and Critical Control System. More recently it has been adapted in the 
water industry; for example in the latest edition of the Australian Drinking Water 
Guidelines (NHMRC, 2004), the World Health Organisation’s guidelines for Drinking 
Water Quality (WHO, 2004), Eastern Wastewater Treatment Plant in Melbourne 
(Cunliffe, 2003) and the Virginia Pipeline Scheme in South Australia (Kracman et al, 
2001). 
 
An important feature of the recently released 2006 National Guidelines for Water 
Recycling is that they use a risk assessment framework, rather than simply relying on 
post-treatment testing as the basis for managing recycled water schemes. The framework 
is based on the Australian Drinking Water Guidelines (NHMRC-2004).  The framework 
is generic and can be applied to any system that recycles water. The framework involves 
identifying and managing risks in a proactive way, rather than simply reacting when 
problems occur.  
 
In applying this approach to water recycling, the first step is to look systematically at all 
the hazards in the recycled water that could potentially affect human or environmental 
health (ie what might happen and how). Once the hazards are identified, the risk from 
each hazard is assessed by estimating the likelihood that the event will happen and the 
consequences if it did. That is, the risk assessment asks ‘How likely is it that something 
will happen?’ and ‘How serious will it be if it does happen?’, and thus provides a means 
to identify those hazards that represent significant risks for the proposed end use. The 
next step is to identify control measures to control such hazards, and to establish 
monitoring programs, to ensure that the control measures operate effectively. The final 
18 
step is to verify that the management system consistently provides recycled water of a 
quality that is fit for the intended use (ie ‘fit for purpose’). Adapted from: Water Made Clear: 
A Consumer Guide to Accompany the Australian Drinking Water Guidelines, NHMRC 2004 
3.2 Hazard Identification and Risk Assessment 
Effective risk management involves identifying all potential hazards and hazardous 
events, and assessing the level of risk they present to human and environmental health. 
The distinction between hazard and risk needs to be understood, so that attention and 
resources can be directed to actions based primarily on the level of risk rather than just 
the existence of a hazard (NGWR, 2006). In this context: 
•  a hazard is a biological, chemical, physical or radiological agent that has the 
potential to cause harm to people, animals, crops or plants, other terrestrial biota, 
aquatic biota, soils or the general environment; for example: 
o the protozoan parasite Cryptosporidium parvum is a hazard to 
human health 
o salinity is a hazard to soils 
•  a hazardous event is an incident or situation that can lead to the presence of a hazard 
— that is, what can happen and how; for example: 
o failure at a recycled water treatment plant leading to C. parvum passing 
into the distribution system of a dual-reticulation system is a hazardous 
event 
o bursting of a pipeline reticulating recycled water high in phosphorus is a 
hazardous event 
•  risk is the likelihood of identified hazards causing harm in exposed populations or 
receiving environments in a specified timeframe, including the severity of the 
consequence (risk = likelihood × impact); for example: 
o the likelihood of C. parvum being present in source water and passing 
through the treatment plant in sufficient numbers to cause illness in users 
of recycled water is a risk 
o the likelihood of phosphorus concentrations in the source water 
remaining sufficiently  high to cause eutrophication (degradation of water 
quality due to enrichment by nutrients) in a waterway near an irrigation 
site is a risk. 
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Information needed in assessing risks might include: 
•  the source of recycled water 
• information on hazards and the quality of the source water 
•  preventive measures, including treatment processes already in place 
•  quality of treated water 
•  intended uses 
•  control measures to be applied at the site of use or discharge of the recycled water 
• the potential impacts being assessed (eg impacts on human health or receiving 
environments). 
 
It is important to determine what might happen and how it might happen; for example, 
by determining hazardous events and their possible causes (eg contamination of recycled 
water by human waste; unintended cross-connection in a recycled water distribution 
system; and over irrigation). There is no single correct way to perform these activities; 
however, a consistent methodology should be established for both identifying hazards 
and assessing potential impacts and risks. The methodology needs to be transparent and 
fully understood by everyone involved in the process. Staff should be aware of the 
outcomes of the hazard identification and risk assessment processes. There needs to be 
confidence that the process will identify all significant risks (NGRW, 2006). 
 
All potential hazards and hazardous events should be included in the assessment for each 
component of the recycled water system, regardless of whether or not the component is 
under the direct control of the recycled water supplier. The assessment should include: 
•    point sources of hazards (eg industrial waste discharge), 
•    diffuse sources of hazards (eg those arising from agricultural and animal husbandry 
activities) 
•    continuous, intermittent or seasonal pollution patterns, 
•    extreme and infrequent events (eg floods and accidental or illegal industrial waste 
discharges). 
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Good examples of identified hazards and possible controls for irrigation with recycled 
water are given in the Sample Hazard Control Table 8.1 in the Queensland Water 
Recycling Guidelines, 2005). 
 
The most significant human health hazards in recycled water are micro-organisms 
capable of causing enteric illness. Such micro-organisms can be found at high 
concentrations in sewage. Numbers of individual pathogens will vary depending on rates 
of illness in the humans and animals contributing faecal waste. In terms of 
environmental health, the most significant hazards in recycled water are generally 
chemical and physical, and the variable sources of recycled water can potentially expose 
the environment to many different hazards. Although chemical and physical hazards 
normally pose a greater potential threat to the environment than to humans, incidents 
such as major spills or unauthorised chemical discharges can be hazardous to both 
environmental and human health. 
 
Technical Note 53 (Queensland Department of Main Roads, 2005) identifies the risk of 
using recycled water for road construction and maintenance as: 
• human health risks of workers and public (These are relatively well known - 
pathogens); 
• engineering risk to road infrastructure such as pavements and structures (limited 
available information about associated risks - soluble salts, organics, sugars, fats 
and oils); and 
• environmental risk to natural environment such as flora, fauna and watercourses 
(Environmental risks are well understood in theory, however specific 
dose/response data are not available for all permutations of recycled water 
entering the natural environment – nutrient levels and dissolved oxygen) 
 
Table 3.1 outlines the requirements that must be achieved in areas of risk described 
above. 
 
 
 
21 
Table 3.1 Queensland Department of Main Roads Recycled Water risk Performance 
Targets 
 
Once potential hazards, hazardous events and their sources have been identified, the 
level of risk associated with each should be estimated, so that priorities for risk 
management can be established and documented. Not all hazards will require the same 
degree of attention; risk estimation helps to direct attention and resources to those 
hazards that are most threatening. In order to determine and rank the risks, there are a 
number of potential qualitative and semi-qualitative risk ranking methods that could be 
used for this, including simply using expert judgement. Tables 3.2 to 3.4 use qualitative 
measures of impact and likelihood adapted from AS/NZS 4360:2004, Risk Management. 
Table 3.2 can be used to consider the impact or severity of each hazardous event (both in 
terms of the nature of the impact and its extent or scale). Table 3.3 considers the 
likelihood of each hazardous event. Table 3.4 can be used to calculate the overall risk 
from each event. From this, a priority ranking of hazardous events can be developed. As 
the significance of a hazardous event can be influenced by the nature of the control 
measures applied, the risk assessment process should be run using both maximum risk 
(assuming no control measures) and residual risk (assuming control measures are in 
place). 
Table 3.2 Qualitative measures of the impact of water recycling (EPA, 2005a) 
Level Descriptor Example description 
Human health 
Example description 
Environment 
1 Insignificant No detectable human illness No detectable environmental impact 
2 Minor Short term, low level illness, 
affecting few people 
Localised, short term, reversible environmental 
impact  
3 Moderate Short term, low level illness, 
affecting many people or more severe 
illness affecting few people 
Localised environmental impact requiring 
remediation with medium term recovery 
expected 
4 Major Severe illness affecting many people Severe impact on entire ecosystem, requiring 
remediation, with long-term recovery 
5 Catastrophic Death of one or more people Severe, irreversible impact on entire ecosystem; 
loss of threatened species or populations. 
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Table 3.3 Qualitative measures of likelihood in water recycling (EPA, 2005a) 
Level Descriptor Description 
A Rare May occur only in exceptional circumstances (e.g. once in 100 years) 
B Unlikely Could occur at some time (e.g. once in 20 years) 
C Moderate Might occur at some time (e.g. once in 5-10 years) 
D Likely Will probably occur in most circumstances (e.g. once in 1-5 years) 
E Almost certain Is expected to occur in most circumstances (e.g. several times in one year) 
 
 
Table 3.4 Qualitative risk analysis matrix showing level of risk (EPA, 2005a) 
Impact  
Likelihood 1(insignificant) 2(minor) 3(moderate) 4(major) 5(catastrophic) 
A (rare) Low Low Low Medium High 
B (unlikely) Low Low Medium High High 
C (moderate) Low Medium Medium High Very high 
D (likely) Low Medium High Very high Very high 
E (almost certain) Low Medium High Very high Extreme 
 
A significant hazard must be removed or reduced to an acceptable level to ensure the 
safe production and use of recycled water. Each risk management team should determine 
the cut-off threshold for significance. For example, risks that scored low may not require 
mitigation in the short term, but only a “watching brief” involving occasional monitoring 
or visual inspections. Risks that score very high or high would require regular 
monitoring and appropriate control measures to reduce the risks to acceptable levels. 
These risks are likely to occur at critical control points in the process of production or 
use of recycled water. 
 
3.3 Managing Health Risks 
The numbers of pathogens present in recycled water will vary according to the source of 
the water, the amount of nutrient that is available for pathogen growth, the amount of 
treatment it has received and the environment that the water is kept. It should be noted 
that the majority of human pathogens favour an environment that mimics that in the 
human gut.  
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Indicator organisms (or reference organisms) are micro-organisms that are cultured from 
samples taken from recycled water. It should be noted that these indicator organisms are 
not necessarily disease causing, but may indicate that conditions exist where pathogens 
are present.  
 
The choice of indicator organism elected is important in terms of determining the level 
of biological contaminants present. For example the most common indicator organism 
used in wastewater treatment is Esherichia coli, and is a good indicator of faecal 
contamination (and is used in the Queensland Water Recycling Guidelines 2005). 
However it does not give a true picture of the level of removal of pathogens such as 
Cryptosporidium.   
 
Pathogens that may be present in recycled water can be divided into four categories: 
viral, bacterial, Protozoan and helmithic. The indicator organisms that may be used for 
each of these four categories are summarised below; 
1. Viral hazards: rotaviruses are suggested as the best indicator organism for viral 
pathogens.  
2. Bacterial hazards: E.coli is the most commonly used bacterial indicator. 
However the National Guidelines for Water Recycling (2006) suggest 
Campylobacter be used due to its ability to lead to long term chronic health 
effects. 
3. Protozoan hazards: Cryptosporidium parvum is suggested by the National 
Guidelines for Water Recycling (2006) as an indicator for Protozoans. However 
Clostridium is commonly used due to its ability to form spores and survive in 
similar conditions as the cyst formed by Giardia and the Oocyst formed by 
Cryptosporidium. Clostridium is also easier to culture and enumerate than 
Cryptosporidium.      
4. Helminthic hazards: Helminths are worms that may be present in faecal 
material. Similar indicator organisms are used for helminths as for Protozoans.  
 
Pathogens found in sewage can give rise to a range of health impacts in humans 
including gastroenteritis involving vomiting and diarrhoea, fever, respiratory illness, 
anaemia, hepatitis, meningitis, paralysis and eye and skin infections. However, the 
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occurrence, concentration and type of pathogen can vary substantially in accordance 
with the source of the sewage (e.g. domestic, municipal or industrial), the health of the 
population contributing to the sewage and the ability of the infectious agents to survive 
outside their hosts. Following treatment, the ability of infectious agents to then cause 
disease, in humans or animals, will depend on the remaining concentration of pathogens 
in the treated recycled water, their infectivity and pathogenicity, the susceptibility of the 
potential host and the degree of contact that potential hosts have with the recycled water 
(National Guidelines for Water Recycling, 2006).  
 
The ability of a pathogen to cause disease will depend on its reaching a minimum 
infective dose. This will depend on the form of contact between the pathogen and its 
host. The principal transmission pathways for pathogens in recycled water to humans 
include: 
•    direct ingestion of contaminated water, droplets or airborne particles 
•    direct ingestion of food that has been contaminated by pathogens from recycled 
water 
•     indirect ingestion of pathogens via licking of fingers or objects that have touched 
contaminated surfaces 
•    direct inhalation of contaminated water droplets and aerosols 
•    direct contact with skin, eyes or ears. 
Direct ingestion of recycled water has the greatest risk of causing disease, as it is capable 
of delivering the largest dose of pathogens and causing the greatest incidence and 
severity of sickness in the community. 
 
The National Guidelines for Recycled Water (2006) use quantitative assessment of 
health-based risks which typically incorporate the following steps: 
1.  Hazard identification — identification of hazards that might be present and the 
associated effects on human health; this step also includes consideration of 
variability in hazard concentrations.  
2.  Dose response — establishment of the relationship between the dose of the hazard 
and the incidence or likelihood of illness.  
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3.   Exposure assessment — determination of the size and nature of the population 
exposed to the hazard, and the route, amount and duration of exposure. 
4.   Risk characterisation — integration of data on hazard presence, dose response and 
exposure, obtained in the first three steps. 
 
These steps are illustrated in Figure 3.1. 
 
Figure 3.1 Process used for risk assessment in the National Guidelines for Recycled 
Water, (2006) 
 
The various hazards that can be found in sources of recycled water can have very 
different health outcomes. Some outcomes are mild (eg diarrhoea) while others can be 
severe (eg haemolytic uraemic syndrome associated with Escherichia coli or cancer). 
Assessment of these outcomes and allocation of resources based on severity of impact 
requires a mechanism for quantifying impacts. Disability adjusted life years (DALYs) 
provide this mechanism for both microbial and chemical parameters. Standard risk 
assessments determine the likelihood of infection or illness. DALYs convert these 
likelihoods into burdens of disease.  
 
The basic principle of the DALY is to weight each health impact in terms of severity 
within the range of zero for good health to one for death. The weighting is then 
multiplied by duration of the effect and the number of people affected by the effect. In 
the case of death, duration is regarded as the years lost in relation to normal life 
expectancy. 
 
Hence, DALYs = YLL (years of life lost) + YLD (years lived with a disability or 
illness). 
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In this context, disability refers to conditions that detract from good health. In these 
guidelines it generally relates to illness, but in other arenas it can relate to physical or 
mental impairment. Using this approach, mild diarrhoea with a severity weighting of 0.1 
and lasting for 7 days results in a DALY of 0.002, whereas death of a 1-year old 
resulting in a loss of 80 years of life equates to a DALY of 80. Determining DALYs for 
individual hazards includes considering acute impacts (eg diarrhoeal disease or even 
death) and chronic impacts (eg cancer). 
 
A number of Quantitative Microbial Risk Assessments have been completed for 
particular applications of water recycling around the world. These assessments are very 
sensitive to the assumptions used for dose and infectivity, and have produced a range of 
outcomes depending on the assumptions used. Studies that examined the risk from 
tertiary treated, disinfected effluents have generally found a low risk to human health 
from reuse (Asano et al. 1992, Rose and Gerba 1991, Shuval et al. 1997). 
 
An important concept in risk management for human health is that there are levels of 
risk that are so great that they must not be allowed to occur, no matter what the cost, and 
levels that are so low that they are not worth bothering with, no matter how low the cost. 
Up to now, all developments on risk assessment and management have been mainly 
focused on wastewater recycling for agricultural irrigation. New applications for 
recycled wastewater demand new types of determinations (Salgot et al, 2003).  
 
3.4 Environmental Risk Assessment  
In developing the recent National Guidelines for Recycled Water (2006), the 
environmental hazards were reviewed for certain uses of recycled water in Australia, 
including agricultural, municipal, residential and fire control. The review identified nine 
key environmental hazards that should be priorities for assessing the environmental risk 
associated with the specific uses of recycled water. These nine hazards are shown in 
Table 3.5, together with their environmental endpoints and effects on the environment. 
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A detailed risk assessment for each of these nine key hazards is given in Appendix 4 
(NGWR, 2006), which includes, for each hazard: 
•    general information, 
•    consideration of environmental risks, 
•    one or more tables showing control points, preventive measures, target criteria, 
critical limits, 
   critical controls points and verification procedures. 
 
Conventional sewage treatment processes typically remove only a small amount of Total 
Dissolved Salts (TDS), with some form of specific treatment needed to reduce this to 
low levels. Specific treatments include reverse osmosis, distillation, electrodialysis or 
dilution with less salty water. Elevated TDS levels in recycled water do not, by 
themselves, constitute a health hazard for humans, but may cause the water to become 
corrosive or result in scale formation within pipes. This can be critical in industrial 
applications such as cooling towers and boiler feed water. 
 
Elevated salinity in recycled water used for irrigation can increase soil salt levels and 
have detrimental effects on soil structure and plant growth. The sodium adsorption ratio 
(SAR) is the ratio of sodium ions to magnesium and calcium ions in the soil solution or 
irrigation water. SAR is used to predict the potential for sodium to accumulate in the 
soil, causing soil structure breakdown which, in turn, can lead to erosion and soil 
clogging. 
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Table 3.5 Key environmental hazards, environmental endpoints and common effects on the 
environment when using recycled water (National Guidelines for Water Recycling, 2006) 
 
 
Although they are only a minor fraction of the total dissolved solids in recycled water, 
nutrients such as nitrates and phosphates can trigger significant water quality 
degradation of receiving water bodies (QWRG, 2005). Nutrients and dissolved organic 
matter in recycled water can also encourage growth of biofilms (slimes) inside water 
pipes, storage tanks or irrigation infrastructure. These biofilms can shield pathogens 
from disinfectants, become odorous during storage, discolour the water and can 
accelerate corrosion of metallic and concrete water distribution pipes.  
 
A recent study (Leusch et al. 2005) examined the levels of certain endocrine disrupting 
chemicals (EDCs) in sewage and effluent from 13 WWTPs in south-east Queensland. 
The study found that while raw sewage contained high levels of both estrogenic 
(feminising) and androgenic (masculinising) activity, the final effluent contained very 
low levels, especially compared with overseas studies. There is increasing evidence that 
when applied after effective secondary sewage treatment, advanced treatment processes 
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such as tertiary filtration, ozonation, UV, biologically activated carbon filtration and 
reverse osmosis can remove most of these contaminants from recycled water (Chapman 
2003, Khan et al. 2004). Ying et al. (2004) reviewed the international literature on the 
presence of EDCs and pharmaceuticals and personal care products in recycled water. 
They concluded that due to the low concentrations of these chemicals in recycled water 
the risks to human and ecosystem health are expected to be low, especially when the 
recycled water is used for irrigation on agricultural land. 
 
3.5 Recycled Water Management Plans 
‘Fit-for-purpose’ use of recycled water, in which water of an appropriate quality is 
matched to its intended use, can be facilitated by the use of Recycled Water 
Management Plans (RWMP). This can be achieved by a combination of treatment 
processes to reduce the contaminant level in the recycled water and end use control 
measures to reduce the level of exposure to recycled water.  
 
Traditionally water has been supplied to the customer in a manner that ensured prices 
were low and quality was high at all times. The allocation and use of recycled water 
cannot follow a similar process due to its relatively high cost of production when 
compared to potable water and its lower quality.  
 
The realisation that wastewater is a resource that must be managed more responsibly has 
led to water recycling efforts focused on; 
• Water conservation, by preventing the use of potable water for uses where lower 
quality water is adequate; 
• Improving returns to the broader community by the use of recycled water by 
allocated it to purposes that generate economic growth or other community 
benefits. This is particularly important in ensuring economic security and 
production of essential products during periods of low water supply; and  
• Ensuring cost of recycled water and the quality required is considered when 
allocation takes place.   
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The cost and quality of recycled water increases with its level of treatment and hence 
quality increases. This ‘fit-for-purpose’ concept, in which water of an appropriate 
quality is matched to its intended use, is a key part of sustainable water management 
systems (Holt and James, 2006). For this reason there has been a focus recently on 
tailoring the end use of the recycled water with its quality. Recycled Water Management 
Plans are a non-structural control measure that can ensure the safe use of recycled water 
of lower quality for specific purposes. Figure 3.2 shows the trade offs necessary when 
considering what quality of recycled water is to be used for a particular purpose.  
 
 
Figure 3.2 Summary of factors determining ‘fit for use’ applications of recycled water.  
 
Recycled Water Management Plans are defined in the Queensland Water Recycling 
Guidelines (EPA Qld, 2005a) as “a documented system for the management and use of 
recycled water.” RWMP are a relatively new tool for management of recycled water in 
Queensland. In the past Third Party Agreements alone were used to regulate sale and use 
of recycled water.  
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It should be noted that RWMP are not a legislative requirement, but can facilitate 
compliance with legislation by providing a transparent method of demonstrating how 
recycled water can be used in a manner that complies with legislation.  
As well as outlining the quality and specific uses for the use of recycled water, RWMP 
also outline the methods used to assess the system’s ability to ensure the safe use of 
recycled water. This is done by considering factors that may impact on the safe use of 
recycled water (starting from the original wastewater catchment to its final use) are 
assessed and managed.  
 
A major factor in the failure of various recycled water schemes has been lack of public 
acceptance. RWMP can play a role in facilitating public acceptance of the use of 
recycled water by providing a transparent method for the management of recycled water.  
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 CHAPTER 4.0  
DEVELOPMENT OF RECYCLED WATER MANAGEMENT PLANS 
4.1 Recycled Water Management Plan Risk Assessment 
The Queensland Water Recycling Guidelines (2005) provide a guide to the process to be 
used for assessing the risks posed by the use of recycled water (shown in Figure 4.1). 
The risk process in the Queensland Water Recycling Guidelines (2005) is based on 
AS/NZ 4360: 2004 Risk Management and HACCP principles.  
 
The Risk Assessment process should identify, analyse and evaluate the risks involved in 
the use of recycled water. In order to achieve this, the system for production and use of 
recycled must be evaluated. This will require the following steps to be undertaken. 
Assemble the Risk Management Team 
The Risk Management Team is a group of people who will document the recycled water 
system and identify, evaluate and treat the risks associated with recycled water as 
appropriate. The number of personnel required for this task will vary according to the 
complexity of the recycled water system. The supply of recycled water of a consistent 
quality from municipal wastewater plants is a complex process, but is relatively easily 
achieved by personnel familiar with treatment processes.  
 
Relatively simple systems involving onsite reuse may only require in house staff of one 
person to perform the risk assessment process for the final use. It should be assured that 
the persons undertaking the risk assessment process are adequately trained in risk 
management and have a basic knowledge of the health and environmental risks involved 
in the use of recycled water.    
 
Describe the treatment system, uses, recycled water quality and routes of exposure 
The recycled water system should be documented by people who have experience 
documenting the system. This will allow HACCP Analysis of the system by 
development of a flow chart. The description of the system should include; 
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• all inputs into the system which should be documented including industrial users 
of the municipal wastewater system and chemicals used in the treatment process, 
• the treatment process that is to be used to produce the recycled water, both 
conventional and advanced treatment, 
• the reticulation network that is to be used to deliver the recycled water to the 
customer, 
•  the location where the recycled water is to be used, 
• the onsite recycled system that will be used to deliver recycled water through the 
site, store the recycled water and all intended and unintended end uses,  
• the points in the system where recycled water could become exposed to human 
contact or the environment, 
• the quality of recycled water, including biological, chemical and physical 
properties that may have an impact on health, environmental values or end uses. 
Identify Hazards and Assess Risks 
The Hazard identification and assessment process is integral to the development of a 
RWMP. The risk that the use of recycled water poses is a function of the dose (of 
pathogen or other contaminant) and level of exposure.   
  
Recycled water may pose a hazard to human health and the environment due the 
presence of biological and chemical contamination as well as physical properties such as 
turbidity and acidity. The primary source of information on potential hazards in recycled 
water should be the Queensland Water Recycling Guidelines (2005) with other 
information sources used as appropriate.  
 
The hazards posed by the use of recycled water should be identified using the steps 
identified on the flow diagram developed in the documentation of the recycled water 
system. When identifying the hazards posed by the recycled water the following should 
be identified and documented:  
• steps where personnel may become exposed to recycled water; either by direct 
ingestion, bioaerosols or by dermal contact;  
• where recycled water may be discharged to the environment (intentionally or 
unintentionally); and 
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• where in the system there is potential for recycled water to be used for 
unintended purposes. 
Assessing the risks associated with hazards and events 
Risks associated with the use of recycled water should be assessed to determine if the 
use of recycled water poses an unacceptable risk to human health or the environment. 
Community concerns in relation to the use of recycled water should also be considered. 
 
When considering the risks of recycled water the following must be considered; 
 
1. Biological contaminants which pose a high risk to human (and animal) health. In 
order to assess the risks posed by recycled water it is necessary to identify and 
quantify the biological contaminants present in the recycled water. These are 
generally divided into viral, bacterial and Protozoan.   
2. Chemical contaminants in general pose a higher risk to the environment than 
biological contaminants due to their high quantity in recycled water.   
 
There are many systems that have been developed to assess the risk involved in 
production of potable water, food processing and the workplace. At present there are two 
main systems associated with assessing the risk associated with the use of recycled 
water. These are; 
1. The method specified in the Queensland Water Recycling Guidelines  (2005), 
based on AS 4360: Risk Management, which uses a Risk Matrix Approach 
(described in Section 3.2), and  
2. The method specified in the National Guidelines for Water Recycling (2006) for 
assessment of health risks based on the World Health Organisation (2004), which 
uses dose response and exposure assessment to calculate the risk to human health 
posed by the hazard (described in Section 3.3).  
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Figure 4.1 Process used for development of a RWMP (Queensland Water Recycling 
Guidelines, 2005).  
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4.2 Development of a Critical Point Monitoring Program 
Critical Point Monitoring (CPM) is a process used in a risk management context for the 
management and mitigation of environmental and public health impacts. Essentially, 
critical parameters identified through a series of investigations at specific monitoring 
points are used as triggers to develop specific management processes to reduce the 
targeted critical parameter back to safe levels. Figure 4.2 provides the generic steps 
employed in a CPM program. The first three steps of the CPM program are determined 
through the monitoring process undertaken. The final steps provide the management 
context of the CPM, to be conducted when the critical parameters identified exceed the 
trigger values. Step four is the linkage between the assessment and management stages, 
and requires continual monitoring of all the identified critical parameters on a regular 
basis.  
 
 
Figure 4.2: Critical Point Monitoring Process (adapted from Eliasson et al 2001) 
 
4.3 Determining Critical Control Points and Control Measures  
Critical Control Points (CCP) can be defined as a ‘step or procedure at which control can 
be applied and is essential to prevent a hazard or reduce it to acceptable levels (QWRG, 
2005). CCP should be determined using the flow chart developed in the documentation 
of the recycled water system (described in Section 3.6). The flow chart shown in Figure 
4.3 can be used to determine if the step in the recycled water scheme is a CCP. A 
 
 
 
 
 
Requirements for first 3 steps determined during investigation  
1 
Perform a system 
hazard analysis 
2 
Determine critical 
monitoring points 
3 
Establish critical 
limits 
4 
Establish 
monitoring 
procedures 
5 
Establish 
corrective actions 
if step 3 not meet
6 
Establish Record 
Keeping System 
7 
Establish 
Verification 
Procedures 
CPM steps necessary for management and mitigation  
protocols critical parameters 
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Control Measure is an action or activity that is used to reduce or eliminate a hazard to an 
acceptable level.  
 
Figure 4.3: Critical Control Point decision chart (Source QWRG 2005). 
 
4.3.1 End Use Controls  
End use Control Measure are the most important controls for ensuring ‘fit for use' by 
ensuring the level of exposure of humans and sensitive environmental receptors to 
recycled water is kept to the appropriate level.  
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End use controls specify appropriate uses for recycled water, method of application or 
use and other measures that must be taken to ensure exposure to recycled water is kept at 
allowable levels. End use controls to be put in place can be tailored to specific uses of 
recycled water and should reflect the level of contamination present.  
 
End use controls can be categorised into; 
• Standard Controls that are applicable to all uses of recycled water, and 
• Specific Controls that are applicable to particular recycled water uses.  
Standard controls  
1. Site Assessment 
A comprehensive site assessment should be undertaken by the supplier of recycled water 
in conjunction with the customer during the planning phase of the recycled water 
project. Any findings from the assessment in terms of monitoring requirements and end 
use control measures necessary should be integrated into the Recycled Water 
Management Plan.  
 
2. Generic Training 
All persons who are to handle recycled water or may be exposed to recycled water 
during its normal use should receive training in the safe use of recycled water. This 
training is to include; 
• Standard controls to be put in place during the use of recycled water, 
• Basic hygiene practice including washing procedures to be applied, 
• risks posed by the use of recycled water (bioaerosols, dermal contact, ingestion),  
• The specified end use for that classification of recycled water and that the 
recycled water is not to be used for any other purposes,  
• All work to plumbing systems is only to be performed by a licensed plumber.   
3. Hygiene 
All persons who are to handle or be exposed to recycled water should adopt basic 
hygienic practices such as:  
• Minimising contact of recycled water with themselves or other persons, 
• Avoiding contact of recycled water with surfaces in close contact with humans or 
food, 
39 
• Washing of hands after handling recycled water, and before smoking or 
consumption of food, 
• Ensuring all equipment, containers and any other infrastructure that has come 
into contact with recycled water is thoroughly cleaned before it comes into 
contact with members of the general public or is used for any other purpose not 
specified in the Recycled Water Management Plan.   
 
4. Compliant Signage  
Appropriate signage must be in place to make employees, contractors and visitors within 
the site boundary aware of; 
1. The use of recycled water within the site boundary.  
2. Exclusion/buffer zones where recycled water is being used and access is 
restricted.  
3. Faucets and other withdrawal points of recycled water and that drinking of this 
water is not permitted (to be compliant with Section 9 of AS 3500.1:2003).   
4. The presence of recycled water in water features, storage ponds, machinery or 
other infrastructure associated with the use of recycled water.  
All signage must comply with AS1319-1994 Safety Signs for the Occupational 
Environment. 
 
5. Monitoring/Integrity Testing 
A monitoring programme should be put in place to ensure that the recycled water 
scheme is functioning in a proper manner. This monitoring may include the following if 
deemed appropriate:  
• Cross connection testing undertaken in accordance with AS 3500.1:2003. 
Integrity testing to be undertaken annually (or to a schedule specified by the 
supplier) to ensure the recycled water scheme is functioning in a proper manner.  
• Monitoring of release limits into surface waters, groundwater, soils and other 
environmental endpoints identified in the risk assessment, 
• Monitoring of soil properties to determine if irrigation or use in construction 
materials of recycled water impacts on long term physical and chemical 
characteristics of the soil. 
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6. Auditing 
An auditing process should be in place to ensure that:  
• End use controls are in place during the use of recycled water, 
• Employees/contractors are aware of end use controls to be in place during the use 
of recycled water. 
 
7. Site Supervision 
The site at which recycled water is to be used should be supervised in a manner that 
ensures; 
• recycled water is only used for specified end uses, 
• all End Use Controls are in place, 
• incidents related to the use of recycled water are addressed promptly in 
accordance with the Incident Management Plan, 
• incidents related to the use of recycled water are promptly reported, and 
• access to the public and/or unsupervised persons should be assessed in areas in 
which recycled water is being used,  
• all work on the recycled water system is performed by a qualified plumber in 
accordance with relevant guidelines and legislation.     
Specific Controls 
Specific controls may be required to be implemented to reduce the hazards associated 
with recycled water. The specific controls to be put in place will be identified during the 
risk analysis process.  
1. Buffer/ Exclusion Zones 
A buffer zone is to be implemented if contact between recycled water and human traffic 
or environmental endpoints need to be avoided. The size of buffer zones required will 
vary depending on the quality of recycled water used, application method and other risks 
involved in end uses.  
 
Buffer zones may be of two types; 
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1. Areas where recycled water is not to be applied at any time due to the presence 
of a receptor such as an environmentally sensitive area or an area where human 
traffic cannot be halted, and 
2. Areas where recycled water can be applied and allowed to dry while human 
access is restricted.  
 
2. Specific Application Method/Regime/Schedule  
Application Method/Regime/Schedule refers to the methods to be used during 
application or use of recycled water. 
 
These end use controls may take the form of; 
• applying recycled water only at times when human access is restricted to a 
particular area, 
• using application methods that reduces the exposure of personnel to aerosols or 
direct dermal contact (for example subsurface irrigation or irrigation using 
sprayers which produce large droplet size),  
• not allowing runoff or ponding to occur, 
• not applying recycled water in high wind conditions.   
 
Time of application: application of recycled water may be preferred during periods when 
people are not present as a method to reduce the amount of exposure. Level of 
application: recycled water should not be applied in a manner that allows runoff or 
ponding to occur. 
 
3. Specific Discharge controls  
Recycled water should not be applied in a manner that allows it to move off site in an 
uncontrolled manner or to an area that has been identified as environmentally sensitive 
or to an area where it could come into intimate contact with humans.  
 
4. Storage Regime 
Recycled water will be stored in a manner that is consistent with all relevant Standards 
(AS 3500.1:2003, Section 9 Non-drinking water services, AS 1345-1995 Identification 
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of the Contents of Pipes, Conduits and Ducts, AS 2698.2-2000 Plastic Pipes and 
Fittings for Irrigation and Rural Applications). Storage of recycled water will not be 
over a period that allows the disinfection potential for the recycled water to be negated.  
 
5. Mass Balance Irrigation 
The application rate of any component of recycled water, whether it is hydraulic loading, 
salts, nitrogen or phosphorus, should not exceed;  
• the rate at which it is taken up by the plants and removed from the site, 
• the safe storage of the element in the soil, 
• allowable losses into the environment.   
   
4.4 Critical Limits  
A critical limit is the maximum or minimum value to which a physical, biological or 
chemical hazard must be controlled at a critical control point to prevent, or reduce to an 
acceptable level, the occurrence of a hazard. A critical limit defines the cut-off to ensure 
recycled water safety (based on Queensland Recycled Water Guidelines 2005). Beyond 
the critical limit the process can be considered as being out of control.  
 
A critical limit will usually be a physical reading such as turbidity or UV intensity; a 
time, e.g. for chlorine contact during disinfection; or a chemical property, such as 
available chlorine or salinity. Critical limits should be exact values: a range is not 
acceptable. Critical limits may be derived from regulatory requirements (e.g. an existing 
development approval), from the technical literature or expert advice (e.g. chlorine 
contact time) or specified in treatment plant documentation (e.g. UV dose). Critical 
limits must be established for each control measure applied at a critical control point. 
Table 2.8 in the National Guidelines for Water Recycling (2006) shows potential critical 
control points and operational criteria including critical limits.  
 
In order to provide a better quality product and to make management of the process 
easier target criteria are usually set in a HACCP system. Target criteria are set below the 
critical limits and as such give a warning of when the system is starting to move out of 
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control before critical limits are reached. Corrective action is taken when the system 
approaches target criteria.    
 
4.5 Monitoring, Validation and Verification Programs 
4.5.1 Monitoring 
Some form of monitoring is likely to be appropriate in all water recycling schemes. The 
types and comprehensiveness of monitoring will depend on the nature and scale of the 
hazards identified in risk assessment and the sensitivity of the various environmental 
components.  
 
For irrigation uses, this could involve monitoring impacts on groundwater and water 
quality, surface waters and wetlands, native flora and fauna, soil properties, community 
amenity (for example odours or spray drift) and contaminant levels in stock, produce or 
soils. Little, if any, environmental monitoring may be relevant for an industrial customer 
using recycled water in a closed system. 
 
Locations and frequencies for all monitoring associated with the scheme, including final 
water quality, the status of treatment processes and environmental or health-based 
indicators, should also be set out in the Recycled Water Management Plan. The range of 
parameters and the frequency of testing included in monitoring programs will depend on 
a range of factors, including the size of the scheme and the potential exposure associated 
with the end use. 
 
Monitoring is costly and it is important to design a monitoring program that gives sound 
information at an affordable cost. Unless the program is rigorously designed, data is not 
likely to be of value in determining either the baseline condition or impacts over time 
(Queensland Water Recycling Guidelines, 2005). A good starting point for the design of 
monitoring programs is the Australian Guidelines for Water Quality Monitoring and 
Reporting, which is part of the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZECC & ARMCANZ 2000). Sampling techniques are dealt 
with in the Water Quality Sampling Manual (EPA ,1999).  
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Two major factors influence environmental monitoring requirements — the size of the 
recycled water scheme and the level of risk being managed. As the size of the recycled 
water system increases, the number of environmental components that the water comes 
into contact with also increases, meaning that more endpoints are potentially affected. 
Therefore, as the size of the system increases, the extent of the monitoring program 
generally increases. However, monitoring will also be influenced by the level of risk, 
which depends on the variability and hazards associated with the specific recycled water, 
and the confidence in prevention measures introduced to minimise the risks associated 
with the hazards. 
 
For all recycled water schemes, the frequency of sampling and monitoring required is 
relative to the level of risk identified in the maximal risk assessment (ie the risk 
assessment before control measures are put into place) and the confidence in a specific 
preventive measure used to minimise the risk to acceptable levels (see Table 3.4). 
 
A recycled water flow diagram should also be provided to highlight the main stages of 
recycled water production and use as well as the various stages of monitoring to ensure 
recycled water quality and safe supply (for example to tanker drivers). An example 
provided by Redlands Council is shown in Appendix.1. 
 
The monitoring process involved in a recycled water scheme will vary. However 
monitoring may be necessary to determine the impacts of the recycled water scheme on 
environmental values such as receiving water quality, soil properties and other factors 
identified as relevant in the risk assessment process. It is essential that baseline studies 
be undertaken to determine the amount of environmental degradation that occurs due to 
the use of recycled water.   
 
The main functions of different types of monitoring are given below. 
 
Baseline – (Where are we now?) Gather information that will underpin the risk 
assessment process and provide a basis for assessing potential impacts of the use of 
recycled water on the environment 
Validation - (Will it work?) Obtain evidence that the elements of the recycled water 
quality management plan will achieve performance requirements 
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Operational - (Is it working?) Conduct a planned sequence of observations or 
measurements of control parameters to assess whether preventive measures operating 
within design specifications and is under control 
Verification – (Did it work?) Apply methods, procedures, tests and other evaluations, in 
addition to those used in operational monitoring, to determine compliance with the 
recycled water management plan, and to determine whether the plan needs to be 
modified. (NGWR, 2006) 
 
Operational monitoring may also be necessary for proper control of the recycled water 
production system. This monitoring programme may overlap with the validation and 
verification process.  
4.5.2 Validation  
The recycled water system should be validated to ensure that the system is capable of 
producing recycled water. A prima facie assessment of the system can be made by 
comparing the treatment system with Table 4.1 to determine the log reduction the 
scheme is capable of achieving. For Classes A to D this must show the system is capable 
of achieving the qualities set out in Section 2.3. 
 
Table 4.1 Indicative log reductions of enteric pathogens and indicator organisms (National 
Guidelines for Water Recycling, 2006) 
Indicative log reductions  Treatment 
E.coli Bacterial 
pathogens 
Viruses Phage Giardia Crypto Clostridium 
perfringens 
Helminths 
Primary 
Treatment 
0-0.5 0-0.5 0-0.1 N/A 0.5-1.0 0-0.5 0-0.5 0-2.0 
Secondary 
Treatment 
1.0-
3.0 
1.0-3.0 0-2.0 0.5-2.5 0.5-1.5 0.5-1.0 0.5-1.0 0-2.0 
Dual Media 
Filtration 
0-1.0 0-1.0 0.5-3.0 1.0-4.0 1.0-3.0 1.5-2.5 0-1.0 2.0-3.0 
Membrane 
Filtration 
3.5 -
>6.0 
3.5->6.0 2.5->6.0 3->6.0 >6.0 >6.0 >6.0 >3.0 
Lagoon 
Storage 
1.0-
5.0 
1.0-5.0 1.0-4.0 1.0-4.0 3.0-4.0 1.0-3.5 N/A 1.5->3.0 
Chlorination 2.0-
6.0 
2.0-6.0 1.0-3.0 0-2.5 0.5-1.5 0-0.5 1.0-2.0 0-1.0 
Ozonation 2.0-
6.0 
2.0-6.0 3.0-6.0 2.0-6.0 N/A N/A 0-0.5 N/A 
UV Light 2.0-
>4.0 
2.0->4.0 >1.0 adenovirus 
>3.0 
enterovirus, 
hepatitis A 
3.0-6.0 >3.0 >3.0 N/A N/A 
Wetlands – 
surface flow  
1.5-
2.5 
1.0 N/A 1.5-2.0 0.5-1.5 0.5-1.0 1.5 0-2.0 
Wetlands –
subsurface 
flow 
0.5-
3.0 
1.0-3.0 N/A 1.5-2.0 1.5-2.0 0.5-1.0 1.0-3.0 N/A 
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Source: National Guidelines for Water Recycling (2006). These are all average or typical values: actual reductions depend on 
specific features of each process including detention times, pore size, filter depths, disinfectant contact time etc. Other emerging 
technologies can also achieve high levels of log reduction, but this will generally require validation. Each treatment system needs 
validation under its specific operating conditions. 
N/A = not available. 
 
The QWRG, 2005 sets a higher standard for validation of schemes that produce Class 
A+ water. In this case it is necessary to ensure that the system is capable of achieving 
the log reduction shown in Table 4.1 that will reduce hazard levels to an appropriate 
level.  
 
In this case it is necessary to validate the system using testing for the appropriate 
reduction of indigenous organisms. Alternatively it may be necessary to challenge test 
the system if there are insufficient organisms present in the source water. Challenge 
testing involves using spiked samples and testing on the inlet and outlet side of the plant 
to assess treatment efficacy.   Refer to Table 6.2a in EPA Qld, 2005a.  
4.5.3 Verification Testing 
Verification testing is undertaken to determine if the system is capable of producing the 
required quality of recycled water in operational conditions. Verification of Class A-D 
recycled water should be undertaken by; 
• taking at least twenty replicate samples taken at a variety of operating conditions 
and monthly sampling thereafter, or 
• weekly sampling (with replicates) weekly during the first year of operation and 
monthly sampling thereafter.    
 
Verification of Class A+ recycled water requires weekly sampling (with three replicates) 
during the first year of operation and monthly thereafter.  
 
4.6 Management Procedures including Corrective Actions 
4.6.1 Management Procedures 
Procedures should be developed to ensure every activity that is necessary for the safe use 
of recycled water. In accordance with normal procedure in a workplace, the procedure 
should include; 
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• The purpose of the procedure and at which point it is to be applied.  
• The position description of the person responsible for initiating and undertaking 
the procedure.  
• What tasks must be performed under the procedure.  
• What parameters must be monitored or recorded. This should include recording 
of any data relevant to operation of the system.  
• Corrective actions to be taken in the event of a non-conformance (eg exceeding 
of a Critical Limit).  This must include methods to prevent the release of 
substandard recycled water to customers.  
4.6.2 Management of Incidents and Emergencies 
Management procedures should be in place and be implemented in the event of an 
incident such as a release of substandard recycled water to a consumer, the entry into the 
recycled water system of a contaminant that the system is not able to remove, exceeding 
of a Critical Limit or any other situation that leads to the loss of control of the recycled 
water system.  
 
4.7 Documentation, Record Keeping, Reporting 
All data relevant to the RWMP should be recorded in the RWMP system or cross 
referenced in the RWMP. This includes monitoring of the production system, details of 
non-compliances, all data used for the initial development of the scheme.     
 
4.8 Audit and Review  
Reviewing of the monitoring and reporting program is an important element to ensure 
that the program remains effective and ‘on track’ to meet the stated objectives. The 
review process and its response should be outlined, and regular independent audits of the 
program should be conducted by appropriately qualified personnel. 
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CHAPTER 5 
NON-POTABLE WATER REUSE APPLICATIONS 
 
According to the USEPA – Guidelines for Water Reuse, Chapter 8, (2004) the principal 
water reuse application remains agricultural irrigation, especially in developing 
countries. Urban, non-potable reuse (landscape irrigation, road cleaning, car washing, 
toilet flushing is rapidly developing). Use of reclaimed water for industrial purposes has 
been receiving increased attention in industrialised countries. 
 
Very little published literature exists on using recycled water in construction activities 
such as soil compaction, pavement construction, dust suppression and concrete mixing 
even though in most guidelines these uses are described as potential options. The 
majority of published literature exists in the area of agricultural irrigation. Detailed 
guidance for assessing suitability and using recycled water for irrigation purposes can be 
found in Shuval et al (1997), USEPA Guidelines for Water Reuse (2004) and National 
Guidelines for Water Recycling (2006). 
 
The following sections give details of applications of water recycling throughout the 
world ranging from irrigation schemes to innovative reuse in a range of different 
industries.  
 
5.1 International Applications 
San Diego, California, USA (San Diego Water Reuse Study, 2005) 
Since 1997, San Diego City has been delivering recycled water for irrigation and 
industrial use to customers from the North City Water Reclamation Plant. An annual 
average of 22 million litres per day is distributed from the facility. There is 106 kms of 
pipelines serving 320 customers. Most of the customers use recycled water for irrigation 
of landscapes, but Superior Readymix and Miramar Landfill uses recycled water in dust 
suppression and concrete batching. Irrigation demand is seasonal, so demand in winter is 
lower than summer. The city has committed to its recycled customers that the total TDS 
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(Total Dissolved Salts) content in the supplied water will not exceed 1000 mg/L. This 
goal is met using a process for demineralisation for reduction of dissolved mineral salts. 
Recycled water treatment levels are defined by the California Code of Regulations under 
Title 22 (the strictest code worldwide for recycled water). The industrial users pay a 
higher rate for the recycled water, but this cost is offset and justified by the consistency 
of water quality and quantity. 
 
Central Contra Costa, California, USA 
Since 1997, Central Contra Costa Sanitary District (CCCSD) has supplied recycled 
water to landscape irrigators, corporation yards, private soil farms and concrete 
recycling and batch plants. Treated wastewater is diverted to CCCSD Water 
Reclamation Plant and Recycled Water Filter Plant where it undergoes additional 
filtration and disinfection to meet the strict Title 22. The end result is high quality 
recycled water than can be use to irrigate parks, golf courses and school yards, provide 
dust control and be used for industrial cooling and other non-drinking purposes. 
 
Reedy Creek, Florida, USA (USEPA, 2004) 
Reedy Creek Improvement District (RCID) provides municipal services to the Walt 
Disney World Resort Complex, located in Central Florida. In 1989, RCID faced a 
challenge of halting inconsistent water quality discharges from its wetland treatment 
system. The solution was a twofold approach: (1) land was purchased for the 
construction of rapid infiltration basins (RIBs) and (2) plans were drafted for the 
construction of a reuse distribution system. Subsequently, all surface water discharges 
ceased. The RIBs recharge the groundwater via percolation of applied effluent to 
surficial sands and sandy clays. Eighty–five 1acre basins were built and operate on a 6 to 
8 week rotational cycle. Initially, the reclaimed water distribution system served 5 golf 
courses and provided some landscape irrigation within RCID. In the past 10 years, the 
extent and diversity of uses has grown and now includes washdown of impervious 
surfaces, construction (such as concrete mixing and cleanup), cooling tower make up, 
fire fighting (suppression and protection), irrigation of all types of vegetation and 
landscaping, and all of the non-potable needs for clean water within the treatment 
facility.  
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This example along with the South Australian project at Virginia Pipeline (Kracman et 
al, 2001) demonstrates that aquifer storage and recovery of recycled water is a feasible 
and cost effective solution to reducing potable water usage. 
 
Sao Paulo, Brazil 
Metropolitan São Paulo, a city with 18 million people and a very large industrial 
complex, is located in a plateau in the heads of the Tietê River. A small amount of local 
water availability has forced the region to survive on the importation of water resources 
from neighbouring basins. The city treats municipal wastewater (which contains a 
significant amount of industrial effluents) and recycles water for:  
• Industrial use, for cooling towers, boiler feed water, process water in metallurgic 
and mechanical industries, floor washing, and irrigation of green spaces  
• Restricted urban use, for toilet and urinal flushing, vehicle, floor and street 
washing, decorative water features such as fountains, reflecting pools and 
waterfalls, cleaning sewer and flood galleries, preparation of concrete and soil 
compaction, irrigation of sports fields, parks, and gardens  
São Paulo International Airport, Brazil  
The São Paulo International Airport at Guarulhos has 2 terminals, each one handling 
about 7 million passengers per year. Terminal 3 will serve an additional 16 million 
passengers per year, to reach the saturation level of about 30 million passengers per 
year by 2030. Groundwater is the sole source of water, and due to excessive pumping, 
the aquifer is recessing, increasing the potential for ground subsidence. A wastewater 
reuse project is being developed to serve the proposed uses listed in Table 5.1.  
Table 5.1 Proposed Water Reuse at São Paulo International Airport (USEPA, 2004) 
Flow  
Use  
(m3/day) (gal/day) 
Toilets and Urinals in Terminal 3  2,175 574,575 
Cooling Towers (Air Conditioning)  480 126,800 
Airplane Washing  50 13,200 
Floor Washing  15 3,960 
Irrigation  10 2,640 
Total Flow  2,730 721,200 
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Nigeria 
A study by Mohammed et al, 2005 describes the effect of different treated wastewaters 
on the curing times and compressive strength of concrete products. The study found that 
treated industrial water compared favourably with potable water in terms of strength and 
curing time. 
5.2 Australian Examples 
Table 5.2 shows a summary of Australian recycled water projects with annual volumes 
supplied, along with classes of water and their application (USEPA, 2004). Numerous 
other examples are in operation or feasibility studies are underway throughout Australia 
and can be found in the review of Water Recycling in Australia by Radcliffe, 2004.  
Table 5.2 Summary of Australian Reuse Projects (USEPA, 2004) 
 
Class A Water = less than 10 E. Coli/100 ml  
Class B Water = less than 100 E. Coli/100 ml  
Class C Water = less than 1,000 E. Coli/100 ml  
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Like overseas, the majority of projects principal application remains irrigation or dual 
reticulation to residential development with limited literature on uses in construction 
materials and dust suppression. 
 
Appendix 1 of the Nation Guidelines for Water Recycling, 2006 illustrates five detailed 
case studies of recycled water use related to irrigation. These case studies demonstrate 
how the framework for risk assessment and management can be implemented in 
different situations. There are also comprehensive sections on assessment and 
management of risks to health and the environment. 
 
5.3 Local Examples 
Several local South East Queensland councils notably Caboolture, Redlands and Gold 
Coast have supplied recycled water from their wastewater treatment plants for internal 
use by civil construction crews, but only on a small scale. These councils have or are in 
the process of developing RWMP’s for these activities. This water has been safely used 
for many years by operational staff at the treatment plants for hosing, irrigation and 
process water. Numerous third parties such as golf courses have also been using this 
water for some time.  
 
Two locally produced documents Technical Note 53 (Queensland Department of Main 
Roads, 2005) and the Draft Non-Potable Water Management Plan for Civil Construction 
Activities (EPA, 2006) that deal specifically with using recycled water in road 
construction and maintenance have been recently released. 
 
The Draft Non-Potable Water Management Plan for Civil Construction Activities (EPA, 
2006) was developed to provide a documented system for the management and use of 
non-potable water sources so that the various parties of the construction industry can 
participate in the safe use of recycled water.  The application and the implementation of 
a risk-based water management plan to address all significant risks associated in the 
production and use of recycled water will help to ensure that water use at civil 
construction sites is done in a manner that is safe to humans and the environment.  The 
draft plan emphasises that to control risks to human health and the environment the 
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manufacturer of the recycled water should produce a “Product Information Sheet” 
(sometimes called a Material Safety Data Sheet) with relevant information that clearly 
identifies the substance (recycled water product), and that states the following: 
•   any precautions that must be taken for the safe use of the substance; 
•   any health hazards associated with the substance; 
•   the results of any tests carried out for the substance that are relevant to its safe use; 
and 
•   any precautions necessary to protect the environment. 
 
This document uses the risk assessment process of Queensland Water Recycling 
Guidelines, 2005 (described in Chapter 3 in this report) as the basis for developing the 
recycled water management plan. It suggests a variety of uses of non-potable water by 
the civil construction industry including dust suppression, high pressure cleaning of 
equipment, and mixing of cement. Technical Note 53, 2005 recommends that recycled 
water not be used in the production of concrete products, but no reasoning is given. 
Risks identified at a stakeholder’s forum include exposure to respiratory, skin, and 
ingestion of water to workers and members of the public and contact with the natural 
environment. 
 
The objectives of Technical Note 53 (Queensland Department of Main Roads, 2005) are 
to: 
• identify opportunities for recycled water use in road related projects 
• identify the potential associated risks; and 
• suggest control measures to mitigate these risks. 
 
This document recommends the use of Class A (Tertiary treatment and pathogen 
reduction and disinfection) and Class B (Secondary treatment plus pathogen reduction) 
recycled water for construction purposes, but uses the Victorian EPA Guideline for Use 
of Reclaimed Water (2003) as a standard for biological treatment and pathogen 
reduction instead of the classes defined in the Queensland Water Recycling Guidelines, 
2005.  The major differences in the guideline criteria are a reduction of BOD5 from 20 
mg/L to 10 mg/L and Total Dissolved Salts reduced from 1000 mg/L to 500mg/L. 
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The residual risks and suggested control measures are identified for use in the following 
applications: 
• Dust Suppression 
• Construction of Pavements and Earthworks (pavement, subgrade and 
embankment compaction and stabilisation) 
• Landscaping and Revegetation 
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CHAPTER 6.0  
CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions 
The long history of water recycling experience in the United States and around the world 
provides reassurance that inherent risks can be safely managed through appropriate 
technology and risk management decisions without compromising public health and 
environmental health. Several studies have reviewed the health outcomes of populations 
potentially exposed to recycled water and have not identified any health problems to 
date related to contacting recycled water. 
 
Various industry end uses for water recycling have been investigated ranging from 
(1)agriculture; (2) industry; (3) urban, recreational and environmental uses, including 
aquifer recharge; and (4) combinations of the above. The principal water reuse 
application throughout the world remains agricultural and landscape irrigation and dual 
reticulation to residential development, but with the rapid development of more reliable 
and cost effective membrane technology, along with improved risk assessment processes 
there is likely to be an increase in the range of recycled water applications available to 
industries. Even though very little published literature exists on using recycled water in 
construction activities such as soil compaction, pavement construction, dust suppression 
and concrete mixing an acceptance within environmental management, engineering and 
health areas that risk management can ensure relevant values are protected by 
identification and management of risks will lead to more widespread practice of these 
end uses. A number of case studies detailing recycling applications throughout the world 
support this statement. 
 
The appropriate quality of water used for recycling will depend on the proposed end use, 
site characteristics and risk factors. Table 2.4 and 2.5 detail the class of water 
recommended for different purposes. However, it is important to note that the actual 
water quality used in any particular application will depend on the outcome of the risk 
assessment done as part of the Recycled Water Management Plan.  For example, 
56 
Technical Note 53 (Qld Main Roads Department, 2005) makes the recommendation to 
use Class A or B recycled water as a feasible alternative to potable water for use in 
activities such as dust suppression, pavement and embankment construction, landscaping 
and vegetation in conjunction with the following control measures. 
• Use of personal protective equipment 
• Staff training 
• Appropriate application method 
• Buffer zones. 
 
Risk assessment and management do not reduce per se the degree of risk associated with 
recycled water, but allows a better understanding of them and consequently the use of 
practices intended to reduce such risk. Recycled Water Management Plans (RWMP) can 
be used to tailor quality of water to ‘fit for use’ applications by ensuring controls are in 
place that reduces the risk posed to an acceptable level. An example of reducing risk to 
an acceptable level involves occupational exposures associated with the use of recycled 
water. These can be managed by minimising ingestion and exposure to aerosols. Persons 
engaged in any operation involving recycled water should: 
• avoid consumption of recycled water and unnecessary exposures to sprays and 
aerosols; 
• wash hands with soap and clean water before eating, drinking or smoking, and at 
the end of each working day; 
• cover any wounds, open cuts or broken skin; or 
• wear appropriate protective clothing and use equipment appropriate to tasks 
being 
undertaken. 
 
A number of factors point towards the successful use of recycled water for industrial and 
other uses with relatively low human contact; 
• The high cost of reticulation makes the sale of water to large users located 
around nodes of development the most cost effective, especially when compared 
to small users (such as dual reticulation households).  
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• Industrial users can implement end use controls easily by the use of existing 
workplace health and safety systems. The level of contact with personnel may be 
more easily achieved than in other applications. 
• Community perception: acceptance of recycled water can be built up if low 
contact uses are implemented initially. When the level of trust in the community 
increases it may be viable to increase the level of contact occurs in use. 
 
Based on the findings from the extensive literature review, the following Table defines 
possible end uses for recycled water from Gibson Island WWTP and recommended class 
that could be suitable for use by Brisbane Airport Corporation, provided adequate 
control measures are implemented and RWMP developed. 
 
Table 6.1 Possible end uses for recycled water at Brisbane Airport Corporation 
Recycled Water Use Recommended Class Recommended Guideline 
Construction activities 
including dust suppression, 
pavement construction and soil 
compaction 
 
A and B 
 
Technical Note 53 (MRD) 
 
Landscape Irrigation  (open) B 
Landscape Irrigation 
(controlled) 
A 
QWRG, 2005 
Firefighting A+ QWRG, 2005 
Recreational including 
wetlands  
C QWRG, 2005 
 
The summary of outcomes from the comprehensive literature review undertaken 
includes: 
1. The identification of hazards and assessment of risks in recycled industrial water. 
The health risk can be reduced by regulating exposure of humans to recycled water 
thus minimising ingestion and exposure to aerosols;  
2. General guidance on the level of treatment required for a particular end use. 
Recycled Water Management Plans should be used to tailor quality of  recycled 
water to specific applications; and 
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3. A review of critical monitoring parameters in evaluating the recycled water end use. 
 
5.2 Recommendations 
Based on the outcomes of the research project, the following recommendations are 
made:  
 
1. Determine quality and quantity of recycled water that can be supplied to BAC by 
Gibson Island WWTP. Evaluate consistency of supply and storage capacities. All 
inputs into the system should be documented along with the quality of recycled 
water, including biological, chemical and physical properties that may have an 
impact on health, environmental values or end uses (Chapter 2); 
2. Determine recycled water intended uses and develop RWMP in conjunction with 
Brisbane Water and identify control measures to be applied. Outline methods used to 
assess the systems ability to ensure safe use of recycled water. Identify the points in 
the system where recycled water could become exposed to human contact or the 
environment. Use end use control measures by ensuring the level of exposure of 
humans and sensitive environmental receptors to recycled water is kept to the 
appropriate level (Chapter 4); 
3. Develop a Recycled Water Flow Diagram to outline the critical steps in production, 
supply and transportation of recycled water. Evaluate the reticulation network that is 
to be used to deliver the recycled water and the location where the recycled water is 
to be used (Appendix A); 
4. Develop information packages and training programs for employees to build 
credibility between management and stakeholders (Section 4.3.1). 
 
 
. 
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APPENDIX 1 
The following outlines the critical steps associated with the production, supply and 
transportation of recycled water being used at Redland Council for Grade B Recycled Water 
applications.  
       end of  RWW responsibility 
Flows are pumped to the plant under limited operational control. 
Routine monitoring by Operations staff.  
Chlorine is dosed to the secondary effluent for a minimum of 30mins contact time (in dry weather).  
SCADA alarms indicate equipment failure (eg. ??). Routine monitoring of chlorination equipment, 
chlorine usage, tank appearance/smell is undertaken by operations staff (at least once on manned days). 
Note: There is no on-line measurement of chlorine residual, turbidity or suspended solids. 
Nutrient reduction and also some pathogen reduction (typically 99% removal?).  
SCADA alarms indicate equipment failure. Routine monitoring by Operations staff 
Gross pollutants such as condoms, needles etc are removed. 
SCADA alarms indicate equipment failure. Routine monitoring by Operations staff. 
 
 
pH, TSS (daily - attended days only) 
NTU (when required) 
Faecal coliforms, Chlorine residual, TSS and nutrients (weekly – licence) 
 
Routine monitoring of filling point by operations staff.  
Tanker drivers report any unusual appearance / smell 
 
Recycled water is pumped from the CCT and supplied at 
pressure (650kpa) to plant irrigation and valve/stand for tanker 
loading. 
SCADA alarms indicate equipment failure (eg. ??). Routine 
monitoring by Operations staff.  
Filling valve capable of being locked out if any problems ? 
 
Transport by tanker or trailer to application areas 
  start of  “users” responsibility 
 
Application to areas suitable for Grade B Recycled Water (controlled access) 
• dust suppression 
• street sweeping 
• watering of trees / plants 
•  irrigation of reserves 
Recycled Water Flow Diagram 
 
 
 
 
 
 
 
1.  Sewage is pumped to the treatment plant 
 
 
 
2.  Primary Treatment Process (screening and degritting) 
 
 
 
 
3.  Secondary Treatment Process (anaerobic, anoxic, aeration and settling) 
 
 
 
 
4.  Disinfection Process (chlorine) 
 
 
 
 
 
5.   Water Quality Monitoring  
 
 
 
 
 
6.      Service Water Pumps (supply valve)                                                                                           
                                                                                                                
 
 
 
 
 
 
7.  Tanker Filling                                                                                              
 
 
 
 
8.  Transport to Site 
 
 
 
 
9.  Application of Recycled Water 
 
 
 
 
 
 
         Legend: 
 
 
 
                                                                                                  Transport         Tanker        Operation      Inspection   
